
..

LA-UR -83-2037

LA- UR--83-2O37

DE03 015234

A NOVEL 1:.9-MICRON SOURCE

\: M. I. Buchwald, Atmospheric Sciences Group
C. R. Jones, Tunable Sources antiApplications Group
Los Alamos National Laboratory
Los Alamos, New Mexico 87545
and L. Y. Nelson, Kerry Electronics, Inc.

Seattle, Washington 98109

SUBMITTED 10: Proceedings Los Alamos Ccinference on Optics ’83, SPIE Vol.s20

DISCLAIMER

Thin rcporl WMSprepnrcd us un uccrrunl ofworknponamd by an ugencv dlhc [Jnited Staloa
(irwernment, Neither the lJnid States (kwcrnmcnt nor nny agency [hcmol, rrorwryo(fhelr

employee+, mHkcx uny wurrunty, eap\cM ,)r implied, or usmmcn tiny legal Iinhility or rcapunui-

bility for the uccurucy, cmnplelencm, nr usefulnms o( any ,)rormution, apparatun, product, or

prmxm dimcloacd, or rcprcwn[n tha[ its ucc would nol in(ringe privilcly owned riuhm. Rcfer-

cnct horcin 10 any specific cornmercinl pr{duct, prwxas, or rervirx by lradc name, trademark,

manufrwti!rcr, or otherwise dnca nul nccc6snrily LImSIiIUIe or imply ils endorsement, rmm-

mcndull(m, or lnv~)ring hy IIIC (JmIcd SIHIcti (hwcrnll)cnl or Hny ~gency (herco[, rhc views

and opinions of wu(ht),s caprcwct~ herein d!) not neccssnrily !IIIIC or rcfleCt [h,W of the

l)nilcd SIIIIIX (;(wcrnmclll or Mny Itgcncy Ilkrc(f

nos National .aborato?y /
ms,New Mexico 87545

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



A novel 15.9*icron ●ourca

H. I. Buchwmld ● nd C. R. Jonas

Lo- Alamo- National Laboratory
2.08 AlmmoB, N-k? Haxico 07545
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Abstract.—

Iaocrem~-mienlma been generated in 1%3 b~ pmping #t 86G.4 cm-l. Stron8 lane-~ action ha ● been obnerved
mt 123 CO-l, i09 CM-l and, with UP to 10 ■illljoulea●ztracted,at 678.1 cm . Spectroscopic ●nalysin
indlcateo that the pumping mrisee from, ●nd the 628.1-cm-’ emiaaion tmmlnatlo on, the nama rotattonel ctate.
Analysis of the time himtorie- of the thret lsaer amionlone ●a wellaJ atudlec of Leoer output ●nergies
indicatee that lS.9micron output ● rloaa from ● t-rove type procuen. Thic rystem, in addition, clarifiee the
interpretation of earlier otudiam of C02-leeer-p-ped emonla laoerc.

Introduction

Leaar iootopa ●eparmtion of uranium hexafluoride l~d to the dev~lopment of ■ any new laoer nyotemt.
Completely tunebla ●ourcea at 15.9 pm all ●uffered from the llmltetion of low pulse power. CO.-laaar-pmped
molecular lacers promised high pulma powere ee WCJ1l an high efficiency, but dapended on’an ●ccidental
coincidence of m Co laoer line ●nd m ■olecular ●beorption connoctod to ● uaaful 15.9-w transition. In ●

pravious Paparl “e2de,cri~d ●n optical pmplng•x~r~mentthatg.VI●nOutp,,twhichwe tentatively doecribed

● n near-rmaonant parametric conversion.

Wa raport in thie paper on the production of 13.9-Im ●minolon from 13C02-laaer-pumpad 15m3, Thlo ●yoten
dlffrnrc from previously reported C02-leoer-p d ●rnonis lenera in ways unrelated to the ebaorptlon frequency
●hlfte due to iootoplc aubotitution. The
0111 + [0310, 1110]

●t 860.42 cm-’. ~.Vi!J-##;e;~Rr~;eY5& ;KiL!~!)o~~V ~~e %at%l W;
that the 13C02 laae; ●bsorption ●rlnea from, maklms ● population inversion unllkaly. In the proccen of
Increasing the 15.9-pm conversion w made meny oboe~atlono end ■eeouremente, which we repotit in thin paper.

l!xp9rimental

The pump lamer us- ● Lumonix 103 TEA lamer with one Brewoter ●ngle NaCl vindow on tha output oide and mn
tntornal Littrov diffraction gratins (PTR ■aater, 90 linee/-). me output COuPl@r w*- ● ~o~t~d a mirror
with ● 20+ internel radiue ●nd ● refloctlvlt~ of 90% at the leeing vmvelength. A cloeed-cycla circulation
●yatem wae operatd to force the Ieoer mixture throueh ● heeted tstelyeta chooen to ●ccelerate the
of 13C0 produced

oxidation
by the TEA dimcherge to ■lnlmise the ateedy-etete concentration of molacular qxygen. The

Iawr can composition vee optimized *t 700 torr to minimize leekeRe or ●ntry of the lr,cal ●t=oephare
(atmoophar c presmure in La Memoe 10 ●pprofimetely 500 torr).

!
The uauel mixture veo 10% 13C02, !02 N and

801 Hm. 1 co weo ●dded in emounto that did not. influence leeer performance (leoo then 10 torr) hut falie i ,0

in.:eaea tho gas-fill Ilfetima. he leeer . tput wae epproxlmmtel~ 1 J et ● repetition rm’e of 0.23 Ha. A
13c02 ~~in cell to ~orcemodification of the 13C02 lteer wee the in-cmvity ineertionJ of ● pulced low-preeeure

tha leoar to operate on ● olngle longitudinal mode.

The fir-t ●xperlmente were conductmd vith epperetue ahowm tn PIs. 2 of Ref. 1. The 5-cm bore atolnleln-
■tal C*1I Vaa 1 m 111 lonsth. ‘h CCIA .ndm mrm ●phertcel, coppor mirrorn, Qsch having ● centered, 2-mm-dimm
hole, one of vhlch elloved tha pump hemm ●ntrence. fit- cell wea ueed for ●pectroacopy of the deutero-arnnnia
leoar ●mieelon, both lr ●nd fir. For fir ●pectromcopy the output hole eta cealad with ●ither ● polyethylene
or s-cut quartn window. Seth lr ●nd fir apactroocopfc ●earchee were perfo~d with ● 0.5~ monochromator with

liquld-N2-cooled photoconductl~e Hg-Cd-Te detection in the lr end ro~temperature p~roelectrlc detection in
tha fir. Hi:her resolution meaaurmente were med. oeer 13.9 @ vtth ● 1+ Epex monochromator.

FiCura 1 llluotrotea th confl~urmtlon of ● umperlwnt demisned to lncraaae the l!.+~ ●neruy converolcm
●fficiency. The wltimode ‘%02 output wme controlled by ● n lntervul ~rlo tnd the bream wac propagated through
tha centar of the cell. Convaralom to 1$.9 @ vae ●maaured by dla~rainn the c*I1 throughput with ●

diffraction crating.
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38016+
Rerulto ●nd oboarvatlono

Aboo ptlon of the 13C02 latar radiation in 15ND ~mrlcd fra ].~ x 10-2 cm-l ‘1 for ●mall olgnala to
2.,,-L+ 2

torr
torr-l ●t a flucnce of 1.0 J/cm . ‘fha pulao Iangth wat -500 rta ●nd showed tha ntruct.ra of

paoslva mode locking. no pumping frequancr corraopondad to tho oR(l’,K) hndb ●nd lr cmioolon vao datacttd
imdfatoly in c holo-coupladl csvlty ●t ● prasrnura of 1 torr. The obaarwaa lack of scnfiitivity of the output
Onargy to mirror tuning was characttrlatic of ● high-gain lr hmar such am C02-lmoer-p-pcd ,C?4.

With ● hola-coupled call, the emio~ion detected in tha ir wme near 628.1 CK-l. 1’KD3 prennure varlad
over ● large range ●nd M2 or Ha wae ●dded to ●ltar the condltione of colliaional transfer. AddcJ .-.

Va■

I!J;:not changt the output epectrum but only lowared tha output ●nergy. At ● prcoaure of 4 torr of pura
veak ●minaidn wsm mmasured ●t 615 Cs-l corresponding to tha ●P(12,K) tranmftlonn, but the int-nsity waa always
laem than 1%of the 628.1-cm-1 output. Fir mignmle verc detectad ●t wavelength~ of 123 CM-l and IC19 cm-l with
relatiw lntanr!tiea of ●pproxlmotoly 10 to 1. High-opeed meaourtmwrt of the tructurt nf the output of the

f~R.l-cm_l ●ximsion or the c-blned fir output ●howad the temporal ●tructure characteri:~ic of the ■ode-locked

13C02 pump puloe ●nd 6213.1-cmC02 lacer input. Flgura 2 illuetrateo the ofmttltanaoue
17-nn periodlclty.

output ●nd ●howt the

To check for wmveguida ●ffoctm, A 1.2-c= bore pollahad bi~-- tub 1 ● in langth vae lnoertad into the
5-cm bor~ atainleas-steel tube. Un4er ot~;rwlma unchanged conditfonn , no ir output vaa oboerved. Smoothing
of the 1 C02 lmoer lad to ● ●moth 628.1-cm output. In the windowed cell configuration (Fig. 1), cell
dlmenslono were varlad over ● wlda ranga. Lmn#tha of copper calla varied batween 0.3 ●nd 6.0 m. ~e large-t

ir output of nearly 10 mJ wmo obtmln~d with the 6.0- call, which had ● lt’km bore. With nhorter calla, tha

submtltutlon ~f pyrex for coppar lowered the 628.1-cm-1 output by ●pproxluottly 10%. The output waa very

taneltlva to tha focal posltlon of the pump beam. For gremtaat ●fficiency, the pump boas dlvarged throughout

the length of the cell. Tha divargenca angle wca ●lao important, but a careful study of the ●ngle dependence

vma nol ~ttemptad. fit output fraquenclee vere all polaricad parallel to the pump laoer polarlcatlon ●nd, in
the csce of the windowed cell, tha 15.9-pm output propagated nemrly ●ntirely in the direction of the pump
laaer. A large number of 15.9-w npectra were taken in thfn configuration, an ●xample of vhlch !C glvan in

FIc. 3. The ●xperlmantal configuration was that of Fig. 10 vlth KC1 wlndowa and ● pretiourc of 2.5 torr 11~3.
An alt~ratlon of preaoura, cell length, or focuolng configttratlon changed tha detailed ●hapa of the ●pactral
output . Changin8 the praeeura to 3.5 torr, fcr ●xample, ●hlftad the peak of tha -mtput spectrum to colncida
with K - 4.

Chsnglng window material ●llowad ● teat of tna ●ffect of feedback on 6213.i-cm-l output.

illuctratet the recul?.n of these
Figura 4

●xparlmentb. I,ist@d in parenthennn ● re the reflectance due to the
Rortrahlen ●ffect on the l?3-cm-1 ●nd tht lL19<m-1 fir ●minaic le. The C02
●ccount for tha Frecnal 1O-O

nu=P ●nergy rrme n rmallxad to
in ●nterlnR tha cell. Ulrlla ●xpnrlmentn arying the 6211.1-cm -! faedback in

grating conflgurationa were Inconcluolve , ●ingle-pamo ●xtraction ●pl>earad to control tha output level.

Rmplaclng 15ND3 with 1“1ND3 ●nd tuning th
-T

*3C0 l&aer ●ccordingly led to tvo new la!~r linaa; The 11P33 ●nd
IIP12 linen producad ir ●micelon ●t 641 cm .nd~19cm_], inthea.me p.ttern.a the N030ut~t.

The calculated upectnmh of
OR( 11,5) llnee rt 860.41 cm-l ●nd
lands to ●bsorption by lirraa
apoctral width of tha pump lsaer.
or(ll, K) apectrm, Indicatea ●

raoolvod In our fir sptctra.

Without

the pump
Population

TIM a(l,

628.1 cm- I

Flture

Dlacuenion—.

1% hmo the ‘3C0 laoer centar frequency fall’ng betveon tht ■R(ll,4]5snd
! i860.4 cm-l, reapac lrely. Doppler broadonln~ .’I room-temperature N03

from iR(ll,l) throuph ●R(ll,6), without connidarint ~ow~r broadanin~ or tha
Flguro 3, llluotrmtlng tha output ●pectrum and comparing th, calculalad
o!milsr range of K valuea in the output. The fine ●tructur, could not ba

conmlderlnl flnx ●tructure we chmrmcterlne the observed proceaaea ho ● tloaod cycla. Abtorptlon of
radfmtlon by the aR(ll,R) band lomdm to rietr-reammnt Raman otlmulmted ●miocion at 123 cm-l.
is trmnefarr~d to ●~etric V2 - 1, J - 11 [e(l,ll)], with ammo population rams nina tn ●(l,12J.

1) 1S inverted with raepect to ●(l,lO), lemdlng to nlimvlated ●mlmslon ● t 109 cm- . The smimmton at
corraapondo to the •erg~ difference between ●(lJIO) mnd ●(Ooll)r an allowed ir tran-ftton.

ie ● amplified ●rrfrty level dla~rmm with the relevmnt ●tmteo in the conversion of the 1160.4-cm-1
P-P Input LO the 62R.1-cm-1 output. All the obeem,d wevalan8thn [lncludlns tho weak mP(12,K) ●mlnolon ● t
613 cm-l, not ●hewn] ●re radlatlvmly couplad~ la., ●ll tranaltlono ● ra ●llovad ●nd no radiation vma obt.rvod
vhictr could ●ri.e onl~ from collleional trmnmfer. Purthcr ●?idanca •gaino~ thm involvmerrt of colli~ional
proceasee c-flm our observation that tha otrucluro in tho lr ●nd 62R.2-cm-1 pulaea ●irror- th. mods-lockad
pa!.tern in tha pump puloe. In ●ddition, pomk converelon in this Iaaor occurrmd mt IOU praomurca (< 4 torr)
●nd ●ddition of a buffer tms ●lwayo raducad convaralon.

Mioslon ●t 6?8.1 cm-l cannot k ●melly charmctorlsad by ● procosa rcqulrlng pop~,latlon tnvsrcion. We hmvm
obssrvad ●ll Lho lasln~ rravelentthi fihown in Fin. 5 ●tmultnnaoumly with t,m hoi- .ouplad call.
wa havo ●aan no tvldence of tranapmrmrrcy or ~fiin fn tha ‘3C0 lmmor beam which pas..- throu h tho I$;;d’::y;:

Ma thareforo hmve tha lnoqualtt~ 1 !●(OOll) ) ●(1,11$ > ●( ,tt)) reforrln~ to thr populot on In thns~ l@vcl~

(Innortng flna ●tmclura and datonorsclas). B~ thja lnoquallt~ it la lmpoaalbl. LO hava th~ population
Invercton afl, ltl) > ●(0,11), uhlch tmuld load te otlmulatod cmlamiol~ ● t 628.1 cm-l A prnparly pham,~ •*~ Of



short pulsas am ooan in Fig. 2 would allow ●ll thana In.arofonn,
-}

but vhen the ‘ ‘C02 lamer ●mfsalcn waa
smoothed vith an internal gain cell,3 the 628.1-cM signal waa ●lao #mooth ●nd wae generated ● t the same
conversion efficiency ae the aode-lock.ed caue.

Parametric convernlon of the pump ●nd the two siwltmcrwc atlmhted fir mmiesl?n Proceseee ●eem t~ be the
likely ●ourco of 6213.1-cm-1 ●mleelon Reeonancee Increeee the efficienciae of 4-rove proceeeee. Anelyolo o;!
trlply roeonent ●ixln2 hee been performed where two of the three frequenclee ●re neerly the came. TIIB
*utF.ore pofrtt out that reeonant ●bsorption hee ●everel complice:l~ ●ffocte on converelon. They etate thl,t
“it broedene the phae ~ wtchlng pe k● * reducee the affective length of lntermction and ●akee tha deduction of
the dieparaion of ~ . ..lees ctreightforuerd.” The fine ●tmcturo la 1%33 mekee the npectrum complex and the
time-dependent populatfone chenge the phaee+atching cond!tlonn. These corplfcatlng factore have ❑ade it
difficult to understand the interaction of the ●djuetmble expsrimencal permetere.

Cmnclue!on

Obeervatlon of mlmultaneoue collieionleee ●mleelon in the lr ●nd fir occurring in ● n optically pumped,
4-wave cycle ●uggeete thk. the 628.1-cm-] emieeion le parametric rather than the reeult of a populmtlon
inverelon. Further analysle of thlo ●yetem or eimller eyetemt eeeme neceeeary to understand thie ❑echsnfnm of
■hlftinE a pump leeer radiation to longar wavelength.
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rl~ttra 1. Schcutic drewin~ of the 1%] lancr
confl~utntlon with mini.mm feedbtck
ueed for optlmi~ation of 62J. 1-m-~
convarmion.

MODE-LOCKING IN AMMONIA LASER

@?&%fwfAM—wM—wM&%A&
.u~ ! U..LL.

50 nnlD’V

COJPUMp PULSE

18um OUTPUT

?lgurc 2. Signeln from ● pyroelrctrlc d~tector
(~lac~ron !~l-ol). slgrtalc ware maacured
elmultaneo,jnly but the one~t of th~ 15,’J-
mlcron em~,ccion van ohncured by the
darmccmr noine.
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Figure 3. Spectrum of 15,9-w -iaSion obtainad
wtth ● l-m foc~l-langi.h Spax ~nochro-
■ ater. 1%3 prcmeure waa 2.0 torr in
a 2-m call in tha configuration of
Fig. 1.
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hmultm of ● parametric study of
15.9-llm output. :02 p-p ●nergy
is norulizad by tho ●ntrmnco
window roflecclvlty. In brackatm
●ra the ralativo raflactlvitiaa
of cho 123-cm-1 mnd tha 109-cm-1
mmiosi(m-, reapactivaly.

Figura 5. ~~mpliflad di ●grmm of tha couplad
my 1-W1O. Almant from thio

di~gram ara tha splittl~m duo to
tho doubla ●inim- potantial of WI
(a and n) ●nd the ●ngular monnt!m
orlantation (K < J),


